Purpose
The purpose of this study is to review the effectiveness of commonly used program modifications classified under cultural adaptation and program translational strategies for the Diabetes Prevention Program (DPP) in terms of risk reduction for type 2 diabetes.
Methods
Authors extracted data about weight, body mass index (BMI), and 5 areas of program modification strategies from 28 interventions and analyzed them in SPSS software. Bivariate analyses examined the odds of achieving a significant reduction in outcomes by each modification of the DPP and by presence of a maintenance component, as well as the mean reduction of weight and BMI by more versus fewer modifications and by the presence of a maintenance component.
Results
There were no statistically significant differences in achieving a significant reduction in weight or BMI by any type of modification or by the presence of a maintenance component. Programs with fewer modifications reported significantly greater reduction in mean weight at 12 months postintervention and the furthest time point extracted. Programs with a maintenance component achieved significantly greater reduction in mean weight measured at the furthest time point extracted.
Conclusions
The DPP appears to be programmatically robust to a variety of cultural adaptation and translational strategies. Potentially cost-saving modifications do not seem to reduce effectiveness, which should encourage implementation on a broader scale. Program planners should, however, make efforts to include maintenance components because they appear to significantly reduce risk for acquiring type 2 diabetes. I n a randomized trial, the Diabetes Prevention Program (DPP), a lifestyle intervention, reduced the incidence of type 2 diabetes, with an effect superior even to the medication metformin. 1 The original DPP intervention had 2 major goals: a minimum of 7% weight loss/weight maintenance and at least 150 minutes of physical activity per week. 1 As part of the DPP intervention, participants received (1) individual case managers or "lifestyle coaches"; (2) frequent contact with intervention staff; (3) a structured, 16-session core curriculum including behavioral self-management strategies for weight loss and physical activity; (4) supervised physical activity; (5) a maintenance intervention; (6) a "toolbox" of adherence strategies; (7) individual tailoring of materials and strategies to address ethnic diversity; and (8) an extensive network of training, feedback, and clinical support to reach these goals. 1 The DPP has now been translated into a variety of settings and populations in an effort to extend this benefit to the population level. 2, 3 Systematic reviews by the Community Preventive Services Task Force have concluded that DPP-like interventions are effective at decreasing diabetes incidence and improving cardiometabolic risk factors and are also cost-effective. 4, 5 However, modifications are required to enhance the feasibility of program delivery and participant engagement in real-world settings. 6 Interventions are often determined to be 'evidencebased' according to studies conducted in controlled settings; then, they are expected to be implemented with fidelity to the original intervention, as developed and tested without deviation. 7 Challenges arise, however, in translating interventions successful under the controlled environments of randomized trials into routine practice, especially for lifestyle interventions because human life-styles are heavily influenced by complex social and cultural factors. Cost-related issues also arise with translating interventions such as the DPP, as randomized clinical trials often have significantly more resources to implement interventions as compared with researchers and public health practitioners attempting "real world" translations. Consequently, as interventions are rolled out into real-world implementation, they often experience a "voltage drop," or a decrease in benefit. 8 Additional benefit reductions may result from "program drift," which occurs when programs are modified to better fit the local context and they begin to deviate from the manualized protocols. 6 Evidence-based interventions are modified in a variety of ways and for numerous reasons, 8 many of which may actually lead to improved program sustainability. 8 Program adaptation is a broad term that is often used to describe modifications to the original program. However, for the purpose of this review, modifications to a program can be categorized into modifications designed for program translation (translational strategies) and modifications designed for cultural sensitivity (cultural adaptations). In this context, translational strategies refer to the systematic processes, activities, and resources that are used to integrate interventions into different settings, 9 while cultural adaptations refer to the systematic modification of an evidence-based intervention to consider language, culture, and context to be compatible with the participants' cultural patterns, meanings and values. 10 Additionally, it is important to recognize that modifications actually exist along a spectrum 11 and have an inverse relationship with program fidelity such that fidelity to the original intervention decreases as more modifications are made. 12 Thus, careful description of program modifications are necessary, as is assessment of the impact of various modifications on program benefits.
Although there are several reviews that assessed published literature regarding DPP modifications, most of these were purely descriptive or did not assess outcomes in relation to specific areas of cultural adaptations and program translational strategies. For example, Johnson et al assessed quality of the studies, the most commonly reported outcomes, and described results from these studies, 13 while Whittemore et al assessed reach, efficacy, adoption, and implementation, 14 but neither compared the outcomes across studies. Sanders Thompson et al described the most commonly reported cultural adaptations and identified that the lack of comparisons to evidence-based interventions (no control or reliance on usual care controls) made it difficult to ascertain superior cultural adaptations. 15 Although Dunkley et al addressed this problem through synthesizing data for their meta-analysis by describing interventions in terms of IMAGE and NICE criteria-which are specific models of care put out by an independent group of researchers and the National Institutes of Health, respectively-achieving outcomes was examined in relation to deviations from the guidelines and not by cultural adaptations. 16 The current review adds to the literature in 2 important ways. First, it addresses the challenge identified in the literature regarding comparing weight loss across studies due to varying follow-up times. 13, 14 Second, it presents a unique method of synthesizing across different study designs to analyze outcomes by the type of modification made to the DPP. Because cultural adaptations and translational strategies of the DPP occur in a variety of settings and with diverse populations, [17] [18] [19] [20] it is necessary to describe the outcomes of the adapted and translated DPP interventions. This article aims to answer the following questions: Do context-modified DPP interventions still report significant reductions in diabetes risk, and does the magnitude of these reductions differ significantly based on the most commonly reported cultural adaptations and program translational strategies?
Research Design
Method This systematic literature review draws data from a previous systematic literature review of the DPP by Tabak et al. 21 The previous work sought to describe DPP cultural adaptations, translational strategies, and implementation. 21 Detailed description of the review methodology is published elsewhere 21 but is summarized here briefly. English-language articles were reviewed as published in peer-reviewed scientific journals on the subject of DPP translation in Academic Search Complete and Google Scholar from January 2004 to December 2013. 21 We extracted information from 44 articles in 3 domains; only "translational strategies and/or cultural adaptations" is relevant to the current work. 21 To evaluate what modifications had been made, we used the 8 categories of the ecological validity model framework: language, persons, metaphors, content, concepts, goals, methods, and context. 10 To assess how the modification was made, we extracted descriptions of the process of modification. To operationalize this, a comprehensive review identified articles reporting cultural adaptation of the DPP-that is, studies that explicitly accounted for clients' culture, ethnicity, or race. 21 We then developed a checklist for coding each aspect of the 2 possible program modifications-translational strategies and cultural adaptations-through an iterative process. For example, translational strategies were coded on 9 variables in relation to the original DPP and included the following: using visuals reflecting study population, changing materials' language level to be literacy sensitive, changing inclusion criteria, changing incentives or using variations of the "toolkit," adding activities to the intervention, changing the frequency and dose of the DPP classes, changing DPP class format from individual to group format, and changing the implementation staff from health care professionals to lay health workers or mixed staff. 21 In line with the definition of cultural adaptations, this concept was coded on 8 variables: using a language other than English, implementing bilingual staff or involving community/tribe workers, changing metaphors used in materials or classes to be culturally applicable, changing content of the material to be culturally sensitive, changing concepts, changing goals of the intervention to be culturally relevant, using culturally sensitive methods (eg, talking circles in Native American communities), and changing the framework to use community-based participatory research. 21 Two reviewers coded a sample of 10% of the articles, and upon achieving substantial agreement (>90%), 1 reviewer coded the remaining articles. 21 For this review, we graded study quality using the American Diabetes Association evidence grading system for clinical practice recommendations. 22 
Data Extraction
Because the current review aims to examine reported effectiveness of cultural adaptations and program translations, it includes only those articles that reported outcomes, excluding 10 articles from the initial review that were merely intervention descriptions. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] We extracted information from 34 articles, imported the data into SPSS 22 software (IBM, Chicago, Illinois), and examined outcomes reported.
Study Measures Program Outcome Measures
The most commonly reported program outcome measures included body mass index (BMI) and/or weight. For both weight and BMI outcomes, we examined 2 variables: a continuous variable of mean change from baseline to different measurement time points and a dichotomous variable of statistically significant results in mean change of weight and/or BMI. For the mean change from baseline, although all studies reported baseline measurements for outcome variables and evaluated them at least twice, the frequency and timing of outcome measurements varied widely. The most common time points were immediately postintervention and 6 and/or 12 months postintervention. Therefore, we extracted information at these 3 reported time points, and difference from baseline for each time point was calculated in kg for weight and in kg/m 2 for BMI. For the dichotomous variable of statistically significant result, since studies used a variety of statistical tests and group comparisons, a study was considered to report a significant reduction in BMI/weight if there was a statistically significant difference found in at least 1 statistical comparison with a previous measurement or with another study arm regardless of study designs.
All but 8 of the 34 articles reported BMI and/or weight as an outcome. We excluded these 8 articles [33] [34] [35] [36] [37] [38] [39] [40] to examine the relationship between modifications and the most commonly reported outcomes of BMI and weight. Two studies 48, 51 reported outcomes from 2 different intervention arms or phases of the study. Since each intervention arm/phase modified the DPP differently, we included each arm/phase as a separate intervention. This resulted in 28 DPP program modifications analyzed here (see Figure 1 ).
Program Modification Measures: Cultural Adaptations and Translational Strategies
We chose the most commonly reported program modifications among the many translational strategies and cultural adaptations identified by Tabak and colleagues. 21 The most commonly reported translational strategies included the following: (1) frequency and timeline of DPP classes, defined as a modification to the timeline of original DPP classes from 16 core sessions delivered over 16 weeks to any different schedule that reduces either the number of sessions or the timeline for session delivery;
(2) class format, defined as a modification made to the format of delivery of classes from the individual-based format of the DPP to any other format, such as group sessions, a combination of group and individual sessions, or Internet-based sessions; and (3) implementing staff, defined as a modification made to the criteria of selecting the implementing staff from those of the DPP, which constituted health care professionals, dietitians, and lifestyle coaches in the DPP to include lay community workers or a combination of lay workers and clinicians. The most common cultural adaptation reported by Tabak et al 21 was content. Modifying content in this context was defined as modifications made to the program that demonstrate cultural knowledge in planning the intervention, including values, costumes and traditions, and understanding the uniqueness of each group (social, economic, historical, political). A modification to "content" was considered to be made if a study described culturally appropriate/traditional recipes and physical activities, if it talked about cultural ideas related to diabetes risk, or if there was a general description that the program was adapted to the cultural needs of the community. Changes to the content in this setting do not constitute adding new activities to the program that were not included in the original DPP. Since the original DPP was delivered in a clinical setting, we also included implementation setting, defined as the context, place, or facility where the program was administered (eg, churches, community facilities, worksites) as a program modification.
On the basis of Tabak's work, we coded these 5 major areas of adaptation and translation dichotomously as similar to or different from the DPP. We considered that a specific area of the program was modified only if there was evidence of this modification in the description of the program. Thus, if a study did not report specifically on a modification, we coded it as being similar to the DPP, assuming that descriptions of program modifications in studies published in a peer-reviewed journal are a complete report of the methodology and content of the study. We then tallied the total number of areas modified. To compare the relative number of modification made, the sample was divided at the midpoint, comparing those that made ≤2 modifications from the original DPP with those that made ≥3 modifications.
Maintenance Measure
While the original DPP included a maintenance component combining group and individual approaches, motivational campaigns, and "restarts," 1 the interventions reviewed here reported a variety of maintenance activities. Therefore, we extracted information about having any form of a maintenance component and categorized interventions dichotomously as having any form of a maintenance component (similar to the DPP) versus none (different from the DPP) regardless of the maintenance type and/or duration
Analyses
We used the Fisher exact test to assess the association of statistically significant change in weight and/or BMI from baseline to each of the 3 measured time points by each of the 5 modification strategies and by whether the intervention had a maintenance component or not. Mann-Whitney U tests assessed the association between fewer and more modifications and mean change in weight and BMI at each time point. Because of the wide variety of time points evaluated, the value of the furthest time point measurement extracted was used to assess mean difference in weight and BMI from baseline. The data examined here met the assumptions for both the Fisher exact test and the Mann-Whitney U test. Table 1 provides a detailed description of the studies included in this review, their modification strategies, and the outcomes reported other than BMI and weight. Based on the ADA system, 4 studies were graded A, 6 graded B, and 16 graded C-1 study graded B had 2 separate intervention phases, 48 and 1 graded A had 2 intervention phases. 51 Of the 28 interventions examined, only 1 implemented individual sessions as in the original DPP trial, while all others modified the format by implementing group sessions (n = 24), self-study (n = 1), or a mixture of group and individual sessions (n = 2). Almost half the interventions (n = 13) condensed the timeline of the program or reduced the number of the sessions from that of the original DPP trial. Implementation staff was mostly similar to the original DPP trial, comprising health care professionals (n = 21), while some interventions employed community lay workers (n = 5) or mixed teams of health care professionals and lay community workers (n = 2). The majority of the interventions (n = 16) did not indicate any cultural adaption of program content. Like the original DPP trial, 9 interventions delivered their programs in a clinical setting, while others delivered theirs in community settings (n = 11), churches (n = 4), worksites (n = 3), or via the Internet (n = 1). The frequency for each modification and its attributes can be found in Table 2 .
Results
There was no statistically significant difference in modifying any of the 5 major areas of cultural adaptations or program translation strategies from the DPP or in having a maintenance component and reporting a significant reduction in weight or BMI (Table 3) . Programs with fewer modifications (≤2 strategies) reported greater BMI and weight reductions at all time points except for BMI measured at 6 months postintervention, but this difference reached statistical significance only for weight at 12 months postintervention (U = 34.00, P < .01) and at the furthest time point reported (U = 147.00, P = .02; see Table 4 ).
Moreover, programs with some form of a maintenance component reported a higher magnitude of BMI and weight reduction at 6 and 12 months postintervention, but this trend was statistically significant only for weight measured at the furthest time point reported (U = 46.00, P = .02; Table 4 ). 
Discussion
The 28 interventions reviewed here evaluated some modified version of the DPP, suggesting that programmatic modification is relatively common and often necessary to make an evidence-based program like the DPP appropriate for specific segments of the population or particular contexts. Although the DPP has been developed to accommodate diverse population in terms of race/ethnicity and health literacy, 1 further modifications have been introduced to reach a broader base. Other systematic reviews have agreed with this finding. 14, 15 Importantly, the DPP appears to be effective-at least in significantly reducing BMI and weight among participants, which are important risk factors for diabetes and other chronic diseases-even when substantially modified from the original DPP model. Achieving statistical significance does not, however, necessarily equate to clinically significant changes. The most commonly reported outcome in this review was weight. Previous literature has also documented this finding. 13, 14 The most commonly reported modifications identified here were consistent with previous literature on setting, 15 program timeline or dose, 13 format of program delivery, 13 and modifying the content to be culturally relevant. 15 Previous literature highlighted that varying follow-up points in time had complicated comparing weight across different studies 13, 14 ; this review successfully addresses the issue through comparing results across similar time points together and across the furthest time points examined.
No single area of program cultural adaptation or translational strategy assessed in this review appeared to diminish the likelihood of achieving significant reductions in weight and BMI; however, those that modified fewer areas in total, regardless of which areas they modified, tended to report slightly better outcomes. This suggests that program fidelity does matter to a certain extent and is consistent with previous research on program fidelity. 17 To our knowledge, this work is the first to examine this association within DPP-like interventions.
From a program planning perspective, it is notable that even when interventions implement potentially resourcesaving/cost-reduction modifications-such as condensing the timeline, reducing the number of sessions offered, delivering the program in a group setting, or utilizing nonclinical professionals as program facilitators-they still consistently report significant reductions in participants' BMI and weight. These findings agree with previous literature suggesting that organizations and program planners with limited resources who are interested in implementing the DPP may still be able to do so successfully in a format that is better suited for their needs. 13, 16 Such modifications may also increase the feasibility of implementation and the likelihood of program sustainability over time-both important elements for addressing the current diabetes epidemic in the United States.
The one area that organizations and program planners who are concerned with cost should consider carefully is planning and budgeting for a maintenance component. Those interventions that included a maintenance component (irrespective of exactly what that component entailed) reported more substantial reductions in weight and BMI among participants. This finding is consistent with existing literature on weight loss that points to the importance of maintenance intervention components to help participants reach and maintain weight reductions. 67, 68 Interestingly, only 4 of the 28 interventions reviewed here reported 150 minutes of physical activity per week as an outcome despite this being one of the major goals of the DPP. It is unclear whether this was just not reported or because it was not tracked as an outcome. However, since physical activity provides health benefits independent of weight or BMI reduction, 69, 70 programs should look to assess physical activity as an outcome. The advent of technological devices such as smartphone apps and fitness bands may help participants self-monitor and track physical activity with reduced respondent burden and social desirability bias.
Limitations
As with any review of the published literature, we are limited by what has been published and what information about programmatic modifications may be included in the studies reviewed. Additional challenges arose trying to synthesize across studies, as many outcomes were reported at various time points. Despite the original DPP having 2 main outcomes-a minimum 7% weight loss and at least 150 minutes of physical activity per weekonly a small number of studies reported these outcomes. Therefore, we analyzed the most commonly reported outcomes: reductions in weight and BMI. While the differences may have reached statistical significance, they may not have been clinically significant reductions. In an effort to look comprehensively at culturally adapted DPP interventions, we included studies with a range of designs and statistical tests, which constrained the ability to synthesize across studies. Finally, the relatively small number of studies included in the review and the fact that only 1 study reported no significant reductions in weight among participants limit the power of analyses. While the published literature tends to be biased toward significant results 71 and many organizations implementing modifications of the DPP may have neither the personnel nor the time to publish their outcomes, other reviews have found the DPP to be a robust evidence-based intervention. 14, 72 Conclusions The DPP appears to be "programmatically robust" to a variety of intervention cultural adaptations and translation strategies. All of the interventions reviewed here modified at least 1 of 5 major areas from the DPP yet still reported statistically significant reductions in weight and/or BMI among participants. While further research is necessary to determine exactly how much the DPP can be modified without reducing effectiveness, our results indicate that adapting the DPP to specific contexts can be conducted without compromising effectiveness. Importantly, potentially cost-saving modifications do not seem to reduce effectiveness, which should encourage implementation on a broader scale. We recommend that those implementing the DPP-based interventions consider how they can track and report the main outcomes of a minimum 7% weight loss and at least 150 minutes of physical activity per week at 3 time points (immediately postintervention and 6 and 12 months postintervention) in addition to measuring weight and/or BMI reductions. Reporting of the same outcomes at consistent time points would greatly facilitate an understanding for whom the DPP works and under what circumstances.
Implications for Diabetes Educators
These findings suggest that diabetes educators can still support patients to achieve significant reductions in weight and BMI even when modifying the DPP to different settings and to diverse populations. This includes modifications for resource-limited settings, with changes such as reductions in the number of sessions and delivery by lay health workers. Diabetes educators are encouraged, however, to include a maintenance component in their weight reduction programs and to implement cultural adaptations and program translation strategies only as necessary, since programs with fewer modifications tend to achieve a higher magnitude of weight and BMI reduction. Programs modifying the DPP aiming at reducing the risk of type 2 diabetes should also emphasize achieving 150 minutes of physical activity per week and a minimum 7% weight loss, because these measures are linked to improved outcomes and were the major goals of the DPP.
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